INTRODUCTION
============

In 2010, cirrhosis caused for alcohol consumption was responsible for 493,300 deaths worldwide. In the same year, liver cirrhosis occupied the fourth place of fatalities in Mexico with 28,369 deaths. Liver fibrosis (LF) and cirrhosis are the result of a chronic process of inflammation and tissue repair, with accumulation of connective tissue.[@b1-gnl-10-101],[@b2-gnl-10-101] The deposition of collagen is caused by an important imbalance between production and degradation of the extracellular matrix, even if origin of the insult is viral (hepatitis B or C virus), an autoimmune/metabolic disease (autoimmune hepatitis or hemochromatosis), or the consumption of drugs and/or alcohol.[@b3-gnl-10-101],[@b4-gnl-10-101] When damage is persistent, the hepatic architecture is altered with fibrotic bands, regenerative nodules and vascular distortion. In chronic liver disease, prolonged and repeated activation of hepatic stellate cells (HSCs) produces LF, as characterized by widespread scar formation and perturbation of liver function and architecture.[@b2-gnl-10-101],[@b4-gnl-10-101]

At the initiation of the fibrotic process, HSCs show fibrogenic and contractile activities in response to platelet-derived growth factor β, transforming growth factor β (TGF-β), and epidermal growth factor.[@b4-gnl-10-101],[@b5-gnl-10-101] Later, activated HSCs increase the deposition of extracellular matrix proteins, like elastin, fibrillar collagen I, II, and V, nonfibrillar collagen IV and VI. In the stage of resolution, the inflammatory process is diminished, and activated HSCs can reduce their activation by acquiring a quiescent phenotype or cleared by apoptosis.[@b4-gnl-10-101],[@b6-gnl-10-101]

Some drugs and pathways are being used as target for the blockage of fibrotic process, like angiogenesis inhibitors, antihypertensive drugs like angiotensin inhibitors, downregulation of TGF-β, and cell therapy strategies.[@b7-gnl-10-101]

HSCs have adrenergic receptors (ARs) that mediate their metabolic, proliferative and regenerative activities. The activation of ARs initiates profibrotic changes in HSCs. Also, α- and β-AR antagonists decrease portal pressure. β-AR antagonists mediate the reduction of portal venous blood flow by a nonselective effect, while the α~1~-AR antagonist reduces the intrahepatic resistance.[@b8-gnl-10-101] Oben *et al*.[@b9-gnl-10-101] demonstrated that cultured mice HSCs activated with isoprenaline, a β-AR agonist, had an increment of α-smooth muscle actin-positive HSCs. Recent reports have shown that hepatic damage is reduced in mice models through the use of prazosin, an antagonist of the AR α~1~, or via a chemical sympathectomy induced by 6-hydroxidopamine (6-OHDA).[@b10-gnl-10-101],[@b11-gnl-10-101]

Carvedilol is a β-AR antagonist used as an antihypertensive drug. It is used clinically to reduce portal hypertension in patients with liver damage.[@b12-gnl-10-101] Due to its antioxidant and antifibrotic effects, it has been employed for diminishing LF when is coadministered with carbon tetrachloride (CCl4) in rats before cirrhosis has been established.[@b13-gnl-10-101],[@b14-gnl-10-101] On the other hand, doxazosin has hypotensive activity in arteries through the inhibition of α~1~-AR. In addition, doxazosin is used for the treatment of benign prostatic hyperplasia and arterial hypertension due induction of prostate epithelial and smooth muscle cell apoptosis.[@b15-gnl-10-101] Besides, when overexpression of TGF-β is inhibited, hepatic fibrosis is reduced, for this reason inhibitors of TGF-β are currently explored as potential drugs.[@b16-gnl-10-101]

The aim of the present study was to chemically inhibit the sympathetic pathway of α~1~-AR with doxazosin in order to determine whether this drug can attenuate the development of CCl4-induced LF in a hamster model of cirrhosis.

MATERIALS AND METHODS
=====================

1. Animal model of cirrhosis
----------------------------

Golden male hamsters (*Mesocricetus auratus) from* 6- to 8-week-old (weight, 100 to 160 g), were maintained on a light/dark cycle (12:12). Food (Purina Rat Chow from Ralston Purina Company, St. Louis, MO, USA) and water were provided *ad libitum* in the animal facility of the Autonomous University of Aguascalientes. The protocol of all experiments had been approved by the Institutional Bioethical Committee.

The following four groups were formed to establish the model of experimental cirrhosis: untreated control group (n=15); vehicle group administered with sodium petrolatum by intraperitoneal injection (n=15); and two groups in which cirrhosis was induced by intraperitoneal injection of CCl4 50 mg/kg (n=15) or 100 mg/kg (n=15) twice weekly. Five animals of each group were euthanized at 8, 12, and 16 weeks to analyze the development of cirrhosis. Survival rate was evaluated at 16 weeks.

2. Antifibrotic treatment
-------------------------

To test the pharmacological effect of doxazosin and carvedilol, both drugs were administered for 6 weeks to hamsters once cirrhosis was induced with CCl4 50 mg/kg. Animals were divided into five groups: (1) untreated control hamsters (n=5), (2) placebo (0.2 mL of saline solution administered orally during 6 weeks; n=5), (3) doxazosin (1.0 mg/kg of Cardura^®^; Pfizer, New York, NY, USA, daily by oral administration during 6 weeks; n=5), (4) carvedilol (1.2 mg/kg of Dilatred^®^; Roche, Basel, Switzerland, daily by oral administration; n=5), and (5) 6-OHDA (30 mg/kg; Sigma-Aldrich, St. Louis, MO, USA, by intraperitoneal injection twice weekly; n=5).

3. Histological techniques
--------------------------

Liver biopsies were obtained from euthanized animals. Tissues were histologically processed for Masson. To study the differential deposition of collagen type I and III, Sirius Red staining were performed.[@b17-gnl-10-101] Histopathological comparison was made between experimental groups and representative photographs from three histological preparations of human with liver cirrhosis obtained from the Centenario Hospital Miguel Hidalgo, Aguascalientes, Mexico, according to the regulative guidelines. After treatment with carvedilol and doxazosin, preparations with the Sirius red technique were compared by measurement of fibrotic area with a Carl Zeiss Axioscop 40 coupled with Image Pro Plus V4.5.1 software and Cool Snap-Pro Color camera (Media Cybernetics, Rockville, MD, USA).

4. Liver function tests
-----------------------

Whole blood samples (1.5 to 2.0 mL) were centrifuged, and serum was stored at −20°C until use. Biochemical markers (all obtained from Spinreact, Girona, Spain) of hepatic function, total bilirubin (TB), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and albumin were measured employing a spectrophotometric semiautomatic bts-350 analyzer (Biosystems, Quezon City, Philippines).

5. TGF-β immunohistochemistry
-----------------------------

To evaluate secreting TGF-β cellular population, liver tissue slides were incubated with a rabbit antihuman TGF-β (Media Cybernetics), for 12 hours at 4°C. As secondary antibody a goat antipolyvalent Biotin-Streptavidin HRP (Thermo Scientific, Waltham, MA, USA) was used. The peroxidase activity was developed with diaminobenzidine. Densities of TGF-β positive cells were counted as cells/mm^2^.

6. Statistical analysis
-----------------------

GraphPad Prism V5 software was employed for statistical analysis. Data are expressed as the mean±standard deviation of five animals. Significant differences between mean values were evaluated by using the two-way analysis of variance test with the

RESULTS
=======

1. CCl4-induced fibrosis in hamsters
------------------------------------

Hamsters were treated by intraperitoneal injections of CCl4 for 8, 12, and 16 weeks, and survival was evaluated every week. After 16 weeks, survival in the 50CCl4 group was 70% and in the 100CCl4 group 50%. Deaths were not observed in the control or vehicle groups ([Fig. 1A](#f1-gnl-10-101){ref-type="fig"}).

The increase in plasmatic levels of AST and ALT was observed at 8, 12, and 16 weeks of CCl4 treatment. With both doses of CCl4, 50 and 100 mg/kg, significant increases in AST and ALT were observed at 16 weeks ([Fig. 1B](#f1-gnl-10-101){ref-type="fig"}). Both hepatic enzymes are biochemical indicators for liver damaged induced with CCl4. Plasmatic levels of albumin showed a marked decrease after treatment for 12 and 16 weeks. These results reveal the development of ascites and reduction of capacity of liver metabolism, which are the major complications of liver cirrhosis and portal hypertension ([Fig. 1C](#f1-gnl-10-101){ref-type="fig"}). Determination of TB showed an increase at 12 and 16 weeks, which demonstrated advanced liver damage with biliary cholestasis ([Fig. 1D](#f1-gnl-10-101){ref-type="fig"}).

After 8 weeks, Masson histological analysis showed organized and structured hepatic tissue with normal stromal collagen in control and vehicle groups. In the same groups, Sirius red-stained liver sections revealed the presence of collagen III (in green) surrounding the portal system. The 50CCl4 and 100CCl4 groups showed abnormal and coarse blocks of collagen (which form septa at the interlobular level), laminar fibrosis and periportal fibrosis with abundant collagen type III ([Fig. 2A and B](#f2-gnl-10-101){ref-type="fig"}). Histological analysis at 12 weeks of CCl4-induction revealed normal conformation of hepatic lobules and portal vein in control and vehicle groups. At the same time, the 50CCl4 and 100CCl4 had coarse blocks of collagen type III forming abnormal septa and regenerative nodules. At 16 weeks of treatment, in the 50CCl4 and 100CCl4 groups the Masson stain showed coarse collagen deposits which form several regenerative nodules. The Sirius red stain demonstrated the deposition of collagen type I (in red), which appeared surrounding smaller regenerative nodules, these data demonstrated a more advanced injury than 12 weeks ([Fig. 2C](#f2-gnl-10-101){ref-type="fig"}). On the other hand, the histopathological comparison between the livers from CCl4-induced fibrosis in hamsters at 16 weeks and human cirrhotic liver samples obtained from patients revealed similar nodules surrounded by fibers of collagen type I ([Fig. 2D](#f2-gnl-10-101){ref-type="fig"}).

Due to the 70% survival and biochemical evidence of cirrhosis in the 50CCl4 group, we selected this hamster model to test doxazosin and carvedilol, and evaluate their antifibrotic effect and the possible diminution of the advanced phases of liver disease.

2. Diminution of fibrosis with the α~1~- and β-AR antagonist
------------------------------------------------------------

The plasma levels of AST, ALT, bilirubin and albumin, were measured to determine liver function in cirrhotic hamsters treated with 6-OHDA, doxazosin or carvedilol. The results for each compound are in accordance with the histological data of liver function for the same groups.

With 6-OHDA, doxazosin and carvedilol, we observed a decrease in the biochemical markers of liver tissue damage, including AST, ALT and TB. There was no significant difference in the albumin levels between the placebo and 50CCl4 groups. However, a significant increase in the plasmatic level of albumin was found with 6-OHDA, doxazosin and carvedilol treatments when compared with the control group. Compared with the placebo group, these biochemical markers did not change significantly after a chemical sympathectomy with 6-OHDA ([Fig. 3](#f3-gnl-10-101){ref-type="fig"}).

Based on analysis of liver slides, we evaluated the possible diminution of fibrosis in the groups treated with 6-OHDA, doxazosin or carvedilol. To evaluate if there was difference in collagen deposition we performed Masson's trichrome staining in experimental groups, we observed diminution of total collagen in groups treated with 6-OHDA, doxazosin and carvedilol. The measurement of the fibrotic area clearly demonstrated a three-fold reduction in collagen deposits after treatment with α~1~- and β-AR antagonists. The ratio of the fibrotic area to the total liver area was significantly reduced in the doxazosin group (3.35%±2.29%) compared with the placebo group (9.85%±4.51%). No significant difference was observed in the fibrotic area of the doxazosin, 6-OHDA and carvedilol treated groups ([Fig. 4A and B](#f4-gnl-10-101){ref-type="fig"}). After, liver slides were analyzed with Sirius red staining and visualized under polarized light, as previously described. In the group with cirrhosis induced by 50CCl4, we observed the presence of collagen type I in the liver parenchyma. After 6 weeks of placebo administration, the presence of collagen type I persisted, with no evidence of changes in the fibrotic area when compared with 50CCl4 group. The 6-OHDA group showed a marked decrease in accumulated collagen type I in the fibrotic area. Moreover, after this treatment we observed expression of collagen type III and parenchyma restructuring. Treatment with the α~1~-AR antagonist, doxazosin, promoted the diminution of liver cirrhosis, including a decrease in collagen type I deposits, enlargement of regenerative nodules, and the presence of thin and incomplete septa. Otherwise, we observed that the presence of collagen type III was similar to the control group, after 6 weeks of doxazosin administration. At the same time, in hamsters treated with carvedilol, the septa and regenerative nodules were similar to those observed with doxazosin treatment, while fibrotic tissue was reduced ([Fig. 4C](#f4-gnl-10-101){ref-type="fig"}). These results suggest that treatment with doxazosin may reduce fibrosis after hepatic damage induced with CCl4, and may even restore hepatic function.

Since activated HSCs overexpress TGF-β in response to liver injury, we tested whether the presence of this profibrotic cytokine is associated with the reduction of LF. The doxazosin treatment significantly decreased the number of TGF-β-positive cells (17.33±3.21 cells/mm^2^) compared with the placebo group (100.7±10.07 cells/mm^2^) ([Fig. 5](#f5-gnl-10-101){ref-type="fig"}). There were notably fewer TGF-β secreting cells in the doxazosin than carvedilol group. Overall, these data indicate that the doxazosin treatment possesses an antifibrotic effect and promotes the recovery of hepatic function in the presence of cirrhosis.

DISCUSSION
==========

The current contribution explores a new application of doxazosin, an antihypertensive drug, as a blocker of the sympathetic pathway of α~1~-ARs in liver cirrhotic. We demonstrate that treatment with doxazosin reduced collagen type I deposits by changing them to collagen type III, and decreased TGF-β secreting cells in the hepatic parenchyma of hamsters with cirrhosis induced by CCl4.

LF is the final step of chronic inflammatory liver diseases and is characterized by HSC proliferation and differentiation to myofibroblast-like cells, which deposit collagen type I in extracellular matrix.[@b4-gnl-10-101] Studies of chronic liver diseases, like cirrhosis, have been carried out in a variety of *in vitro* and *in vivo* models.[@b18-gnl-10-101],[@b19-gnl-10-101] An animal model of CCl4-induced hepatic fibrosis in hamsters has been employed to study the attenuation of fibrosis by the blockade of angiotensin activation.[@b20-gnl-10-101]

In the CCl4-induced hepatic fibrosis hamster model, plasmatic levels of TB, ALT, and AST were increased, while albumin was decreased. These biochemical changes, found at 8, 12, and 16 weeks, are similar to those observed with human cirrhosis and liver failure.[@b21-gnl-10-101],[@b22-gnl-10-101] Both the decrease in albumin and the increase in transaminases corroborate hepatic damage.

Histological data from control animals show a normal architecture of hepatocytes arranged in sinusoids, without evidence of fibrosis. Contrarily, in the 50CCl4 and 100CCl4 groups the hepatic architecture underwent a distortion, in which the regenerative nodules were surrounded by collagen type I septa. Once the CCl4-induced cirrhosis was established, we explored the possible therapeutic effect of doxazosin or carvedilol treatment to revert this condition.

Doxazosin has not yet been tested as an antifibrotic drug in liver cirrhotic animal models or in patients. Doxazosin treatment induce a reduction in renal fibrosis and myocardial interstitial fibrosis,[@b23-gnl-10-101]--[@b25-gnl-10-101] and due its role in the reduction of smooth muscle tone, it has been used in the treatment of benign prostatic hyperplasia.[@b15-gnl-10-101],[@b23-gnl-10-101] Since HSCs are the main fibrogenic cells in liver and express α~1~-AR,[@b9-gnl-10-101],[@b10-gnl-10-101] we examined the possible inhibitory effect of doxazosin treatment on collagen deposition in the pathogenesis of cirrhosis. Doxazosin effectively reduced the content of collagen type I, and achieved the recovery of hepatic function after liver injury. We argue that this antifibrotic effect owes itself to the selective inhibition of α~1~-ARs in HSCs, which would then decrease collagen synthesis. HSCs and Kupffer cells possess the α~1~-AR. Evidence of increment of extracellular matrix with collagen deposition has been reported after noradrena-line administration in cultured HSCs, leading to the activation of intracellular kinases, like pI3K and MEK which are implicated in cell proliferation and survival. Also, HSCs and Kupffer cells are involved in the production of TGF-β in the liver, and when the α~1~-AR is blockaded, their proliferation rate is reduced and finally the secretion of TGF-β diminished.[@b9-gnl-10-101],[@b10-gnl-10-101]

On the other hand, Hamdy and El-Demerdash[@b14-gnl-10-101] reported the antifibrotic activity of carvedilol when it was coadministered with CCl4 for 6 and 8 weeks. In accordance with this report, the present results clearly demonstrate that carvedilol possesses antifibrotic activity once cirrhosis is established, evidenced by the fact that collagen type I deposits were reverted after 6 weeks of carvedilol treatment.

Furthermore, in cirrhotic hamsters treated with doxazosin, lowered levels of TGF-β promoted a decrease in fibrotic tissue, probably by a reduction in the production of extracellular matrix proteins, as previously reported.[@b26-gnl-10-101] Similar results have been observed in cirrhotic rats CCl4-induced after treatment with prazosin;[@b11-gnl-10-101] fibrotic area was reduced by 83%, accompanied by a reduction in the levels of collagen type I mRNA and tissue inhibitor of matrix metalloproteinases-1 mRNA. Aldaba-Muruato *et al*.[@b27-gnl-10-101] demonstrated that TGF-β synthesis and collagen type I deposition were significantly decreased after treatment with allopurinol, which is a candidate drug for the treatment of liver diseases in human patients.

In conclusion, the current results suggest that when cirrhosis CCl4-induced hamsters are treated with doxazosin to blockage the α~1~-AR on HSCs, a visible reduction in deposits of collagen type I are observed. This effect of doxazosin could be related to a decrease in TGF-β synthesis. Hence, the blockage of α~1~-ARs with doxazosin may be a useful therapeutic strategy for treatment of cirrhotic patients.
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![Kinetics of biochemical markers during the induction of hepatic damage with carbon tetrachloride (CCl4). (A) In contrast to the 100% survival in the control group, 70% and 50% survival was observed in the 50CCl4 and 100CCl4 groups, respectively. (B) An increase in the plasmatic activity of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) was observed during treatment with CCl4 (at both doses). (C) A significant decrease in plasmatic albumin was detected at 12 and 16 weeks in both the 50CCl4 and 100CCl4 animals compared with the control. (D) A significant increase in total bilirubin was found in CCl4-treated animals, which revealed a cirrhotic process. Values are represented as the mean±SD. \*p\<0.05.](gnl-10-101f1){#f1-gnl-10-101}

![Evaluation of collagen type I in the 50CCl4 and 100CCl4 groups at 8, 12, and 16 weeks of induction. At 8 and 12 weeks, liver slides from the animals given 50CCl4 (A) and 100CCl4 (B) showed an increase in deposits of collagen (black arrows), which mainly consisted of collagen type III (white arrows) with interlobular septa and periportal fibrosis. (C) After 16 weeks of CCl4 treatment, liver sections presented gross blocks of collagen type I and small regenerative nodules. (D) Deposits of collagen type I (yellow arrows) and regenerative nodules in animals given 50CCl4 and 100CCl4 resembled the Masson and Sirius red staining profile from human cirrhotic livers. CCl4, carbon tetrachloride.](gnl-10-101f2){#f2-gnl-10-101}

![Recovery of hepatic function in hamsters after carbon tetrachloride (CCl4)-induced fibrosis and treatment with adrenergic receptor (AR) antagonists. (A) There was no significant difference in plasmatic levels of aspartate aminotransferase (AST) in hamsters treated or not treated with AR antagonists. However, a significant reduction in alanine aminotransferase (ALT) (B) and total bilirubin (C) was achieved after treatment with 6-hydroxydopamine (6-OHDA), doxazosin, or carvedilol. (D) Albumin synthesis demonstrated restitution of hepatic function after treatment with AR antagonists, thus corroborating the same effect previously demonstrated with histological data. Values are represented as the mean±SD. \*p\<0.05 versus control; ^†^p\<0.05 versus 50CCl4; ^‡^p\<0.05 versus placebo.](gnl-10-101f3){#f3-gnl-10-101}

![Sirius red staining under polarized light demonstrates the antifibrotic effects of doxazosin and carvedilol on carbon tetrachloride (CCl4)-induced fibrosis. (A) Masson trichrome staining revealed an increase in collagen deposition (\*) in the portal tract in the 50CCl4 and placebo groups. However, an attenuation of collagen deposition was observed in the 6-hydroxydopamine (6-OHDA), doxazosin and carvedilol groups. (B) A significant reduction in the fibrotic area was observed in doxazosin- and carvedilol-treated animals. (C) The control group showed normal histological architecture with collagen type III. In the liver sections of hamsters treated with 50 mg/kg of CCl4, there were multiple regenerative nodules (\*) surrounded by collagen type I. The placebo group had a reduction of collagen deposits (white arrows) with a normal level of collagen type I. The chemical sympathectomy generated incomplete septa of collagen type III (white arrows), forming enlarged regenerative nodules (\*). Doxazosin treatment promoted a shift to collagen type III (white arrows); no evidence of regenerative nodules was observed. Carvedilol treatment resulted in little collagen type III (white arrows) and few regenerative nodules (\*). Values are represented as the mean±SD. ^†^p\<0.05 versus control; ^‡^p\<0.05 versus 50CCl4; ^§^p\<0.05 versus placebo.](gnl-10-101f4){#f4-gnl-10-101}

![Doxazosin decreased the transforming growth factor β (TGF-β)-secreting cells. (A) Representative histological sections of liver for immunohistochemical evaluation of TGF-β secreting cells; magnifications at left and right columns are 10× and 40×, respectively. (B) TGF-β secreting cells were significantly reduced in cirrhotic hamsters after doxazosin treatment. Values are represented as the mean±SD. CCl4, carbon tetrachloride; 6-OHDA, 6-hydroxydopamine. \*p\<0.05 versus control; ^†^p\<0.05 versus 50CCl4; ^‡^p\<0.05 versus placebo.](gnl-10-101f5){#f5-gnl-10-101}
